; kI e3eEGHEDA6Tp5=+FORVATI ON OF SMALL GATES BEYOND LI THOGRAPHI C LIM TS FI ELD
OF THE I NVENTI ON The present invention relates generally to fabrication of
sem conduct or devices, and nore specifically to nmethods of fabricating

sem conduct or gates/structures. BACKGROUND OF THE | NVENTI ON Snal | er

- design rules require nethods to fabricate snmaller sem conductor gates and
structures. U S. Patent No. 4,022,932 to Feng describes a resist reflow

met hod for naking subm cron patterned resist masks. U S. Patent No.

5,899, 746 to Mukai describes a nmethod for making small patterns by eroding
~a photoresist pattern. U S. Patent No. 4,824,747 to Andrews describes a
~method for formng a variable width channel. U S. Patent No. 4,449,287 to
Maas et al. describes a nethod of providing a narrow groove or slot in a
substrate region. U S. Patent No. 4,546,066 to Field et al. describes a

met hod for form ng narrow i mages on sem conductor substrates. 2 SUMVARY
OF THE I NVENTI ON Accordingly, it is an object of one or nore enbodi nents of
the present invention to provide an inproved nethod of fabricating
ultra-small sem conductor gates. O her objects will appear hereinafter.

FORMATION OF SMALL GATES BEYOND LITHOGRAPHIC LIMITS

FIELD OF THE INVENTION

The present invention relates generally to fabrication of
semiconductor devices, and more specifically to methods of fabricating

semiconductor gates/structures.



It has now been discovered that the above and ot her objects of the present
i nvention may be acconplished in the follow ng manner. Specifically, a
substrate having a |lower dielectric |ayer and an overlying upper dielectric
| ayer fornmed thereover is provided. Using a |ithography process having a
lithography limt, the upper dielectric layer is patterned to forma first
openi ng exposing a portion of the Iower dielectric layer. The first opening
havi ng exposed side walls and a width equal to the lithography limt.

Si dewal | spacers having a | ower width are fornmed over the exposed side
wal s of the first opening. Using the sidewal| spacers as masks, the | ower
dielectric layer is pattBAGEGRQUNDEQE THEENVENHION having a width | ess
than the first opening width. The patterned upper dielectric |ayer is
renoved. An ultra-small sem conductor structure is formed within the | ower
openi ng. The ultr 16O to . .uc aving i.df h to
the lithography I ?%?tgﬁ#l ngg%ﬁm ggllfe[%he%qgﬁv%r {t“/tvl1 E]}t?%d)sof J[Qt hg%gwggemﬁﬁgtst%ﬂacer. 3
BRI EF DESGRIBhH NP atsbn@RACNESs The features and advantages of the
present invention will be nore clearly understood fromthe follow ng
description taken in conjunction with the acconpanying draw ngs in which

| i ke reference nuneral s designate simlar or correspondi ng el enents,

regi ons and porti obis3. dadentiNov @22,93Ritgdeng descrébeschesist refbdw yndthbdider at e i n
cross-sectional representation a preferred enbodi mnent of the present

i nvent i ofaking syppreepatterer tpisiaRagls. THE PREFERRED EMBODI MENTS | ni ti al
Structure Fig. 1 illustrates a cross-sectional view of a substrate 8,
preferably a sem conductor substrate conprised of silicon (Si) or gernmani um
(Ge) and is nore p YA G0 ' fasShLi AT dielectric |ayer
10 is forned over Eﬁ%gfa?‘glltlteN%O%b’Zﬁ ﬁ§C¥%§58§%r1€F e elrn:teg}foyd Orroﬁnlagg}ﬁjt 500
to 3000Agzand e%é)gbfgﬁ{&b%g fhbgﬂbgipﬁ[{,gﬁéﬁo to 1000A. First dielectric

| ayer 10 is preferably fort g by chem cal vapor deposition (CVD) is
preferably conprised of silicon dioxide (SiOz). An etch stop layer 12 is
preferably formed over the first dielectric |ayer 10 to a thickness of
preferably from abbl. Fadntthdo.8DFRA, AlTdonondreprselesridbdsya frretimodhoubrBad t o
500A. Etch stop layer 12 is preferably conprised of silicon nitride
(SisN4), aﬁariabghw chennele (SiON) or silicon germanium (Site) and is nore
preferably silicon germanium (SiGe). A second dielectric layer 14 is forned
over etch stop layer 12 to a thickness of preferably from about 500 to

3000A and nore pre apl rRQm 00 1000A; Second dielectric,layer
14 is preferably f@ﬁie%%?t o %mﬁtta%ﬁ’rz\%%gpt rE\gaeaﬁogii ta}‘oﬁe E‘,'I\][?Bf qén% 18’fie1;’fabl y
conpri sed,.ofidRe) ¥ fhibaPR R e ANRIR ideeodLighd is nore preferably

pol ysili g)(gn.l %9‘% To pat%]ré)r neseconggg?)g}?%ct r?éckl?gyer 14 at the lithography
limt (as shown in Fig. 2 described below), a patterned mask | ayer 16

havi ng opening 18 with a width X (substantially equal to the |ithography
limt) may be fornedb. Raeentdde diidodioslte Flald et dlagiescribds a Radthed fedormate | ayer

16 is preferably conprised of photoresist. Patterning of Second Dielectric
La. a narrow images on semiconductor substrates.




As shown in Fig. 2, second dielectric layer 14 is patterned to form opening
20 having width X substantially equal to the lithography Iimt used to
pattern second dielectric |ayer 14. Opening 20 has exposed side walls 21.
Currently, X is preferably from about 50 to 500nm and nore preferably from
about 100 to 300nm Second dielectric |layer 14 may be patterned using an
overlying patterned mask | ayer 16 (see Fig. 1), for exanple a patterned
phot oresi st |layer 16 as shown in Fig.1l. If used, patterned mask |ayer 16 is
removed from patterned second dielectric layer 14' and the structure may be
cl eaned as necessary. Formation of Spacers 22 As shown in Fig. 3, spacer
material is then deposited®UMMARYYQENTE INVENHI@Nched to form si dewal |
spacers 22 overlying side walls 21. Sidewall spacers 6 22 each have a

|l ower width Y that is preferably fromabout 5 to 20nm and nore preferably

fromabout 5 to | 0pm_Sidewal l spacers 22 are preferapl 0 ised o

Sl Toon ni tride ( SPERORIER St SOGRIREshe Bk e riio ey Ot PRee ror o
pr ef er abl id Ligd.gde. (S i . 2 . i sed
O o Py ilohrBlidd il ib e b SRR S B EREY ° (00
etch senghtdsvity. A portion 25 of etch stop layer 12 within opening 20 and
not covered by sidewall spacers 22 is left exposed. The width of exposed
portion 25 of etch stop layer 12 is equal to X - 2Y. Patternin of Exposed

Portion 25 of Etch Stop Laper 12 and Underlying First
Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a
substrate having a lower dielectric layer and an overlying upper dielectric layer
formed thereover is provided. Using a lithography process having a lithography
limit, the upper dielectric layer is patterned to form a first opening exposing a
portion of the lower dielectric layer. The first opening having exposed side walls
and a width equal to the lithography limit. Sidewall spacers having a lower width |
are formed over the exposed side walls of the first opening. Using the sidewall
spacers as masks, the lower dielectric layer is patterned to form a lower opening
having a width less than the first opening width. The patterned upper dielectric
layer is removed. An ultra-small semiconductor structure is formed within the
lower opening. The ultra-small semiconductor structure having a width equal to

the lithography limit minus twice the lower width of the sidewall spacer.



Dielectric La, a As shown in Fig. 4, using, inter alia, sidewall spacers 22
as a hard nmask, the exposed portion 25 of etch stop |ayer 12 and the
underlying first dielectric layer 10 are etched to form gate openi ng 24
within patterned first dielectric layer 10'. Since the first dielectric

| ayer 10 is nore preferably conprised of SiOz and the second dielectric

| ayer 14 is nore preferably conprised of polysilicon, the second dielectric
| ayer 14 is not appreciably etched during this step due to the difference
in etch sensitivity. Gate opening 24 within patterned first dielectric

| ayer 10" has a width eoual to X - 2Y that is, the lithography Iimt (X)

| ess twice the | ower wBE 3! Ay EAOBAWINGS  Renopval of

Si dewal | Spacers 22 Patterned Second Dielectric Leer 14' and Patterned Etch
Stop Layer 12" As shown in Fig. 5, sidewall spacers 22, patterned second

pattorned 11 1ot di aPEAETRG] BT gt o fBe of wﬁﬁéﬂf‘éﬁb%ﬁ Vﬁr?wafgé"m
Necessar YyeafRegRdSkdY t%ﬁ?rt]lﬁ? win %Odesgﬁéugﬁ t&%&?{ @nﬁﬁgﬁ Reeps.

For exanpl e, “patterned seco el ectric layer rcon nay be
renoved wstatphRinkQitawihgeval WhiRaGRE %e%@er(c%' ﬁ!}mera[’[@me@ AEITRNRLUSE NG hot
phosphoric acid and the patterned etch stop |ayer 12 e) may be renoved
usi ng TMibrespaxding ielmafts, GagenSand godtien2eh P whitn ln F| g. 6, athin gate
dielectric layer 26 is grown over substrate 8 within gate opening 24 to a

t hi ckness of preferably fromabout 8 to 100A and nore preferably from about
8 to 20A. CGate naterlal is then formed over patterned first dielectric

| ayer 10' and over it é al%%emaﬁeal%yhmzee 1Y ¢rOp§-pRytigatlereppesentidionss  The
gate. naterl s the n zed t ve the excess of the gate nmaterial
from overpﬁ H &%%041ng? I&«?Il?ar@?‘?l} *10' and forming a planarized
damascene ultra-small gate structure 28 within gate opening 24. Gate
structure 28 has a width of X - 2Y, that is less than the lithography |imt
(X) by twice the lower width (Y) of the sidewall spacers 22 used as hard
masks to pattern gate opening 24. Currently, the width of gate structure 28
8 may be a narrow as fromabout 20 to 50nm As the limts of |ithography
decrease, the width of gate structure 28 may al so narrow by using the

met hod of the present invention. The nmethod of the present invention may be
used by one skilled in the art to formother ultra-small sem conductor
structures besides gate structures 28. Advantages of the Invention The
advant ages of one or nore enbodi nents of the present invention




include: 1) formng ultra small gates beyond the photolithographic limt;
and 2) form ng planarized gates having reduced topography. Wile particular
enbodi ments of the present invention have been illustrated and descri bed,

it is not intended to limt the invention, except as defined by the
following clains. 9 CLAIM5S W claim 1. A nethod of fabricating an
ultra-small sem conductor structure, conprising the steps of: providing a
substrate having a |l ower dielectric layer and an overlying upper dielectric
| ayer forned thereover; 5 using a |ithography process to pattern the upper
dielectric layer to forma first openi ng exposi ng oortlon of the | ower
diel ectric | all8LAMED DESGRIFIION, QT EEERREEEIAREH AEMENT

| i t hography process having a |ithography limt the flrst openlng havi ng a
width X equal to the lithography limt; formng sidewall spacers over the
exposed sjde,val ls of the first opening; the 10 sidewal | spacers having a

| ower mﬁgé%—%ggpatgernlng the lower dielectric layer to forma | ower
opening having a width less than the first opening width X by using the

si dewal | spacers as masks; renoving the patterned upper dielectric |ayer;
and forming an ul t P Smilubtra®Eiacandseictionst vieot U @ sibbhaR 8 Nerelc@uBly a
opening; 15 the ultra-small sem conductor structure haV|ng a wdth equal to
t he | it hegmamductor substrate comprised of silicon (Si) or germanium (Ge) and is more

preferably comprised of silicon.

A first dielectric layer 10 is formed over substrate 10 to a thickness of
preferably from about 500 to 3000A and more preferably from about 500 to 1000A.
First dielectric layer 10 is preferably formed by chemical vapor deposition (CVD) is
-preferably comprised of silicon dioxide (SiO.).

An etch stop layer 12 is preferably formed over the first dielectric
layer 10 to a thickness of preferably from about 300 to 800A and more preferably
from about 300 to 500A. Etch stop layer 12 is preferably comprised of silicon nitride
(SisN4), silicon oxynitride (SION) or silicon germanium (SiGe) and is more

preferably silicon germanium (SiGe).

A second dielectric layer 14 is formed over etch stop layer 12 to a
thickness of preferably from about 500 to 3000A and more preferably from about
500 to 1000A. Second dielectric layer 14 is preferably formed by chemical vapor
deposition (CVD} is preferably comprised of polysilicon or amorphous silicon and

is more preferably polysilicon.



limt mnus twice the |ower width of the sidewall spacer. 2. The nethod of
claim1, wherein the substrate is conprised of silicon or germanium the

| ower dielectric layer is conprised of silicon dioxide; and the upper
dielectric layer is conprised of a material selected fromthe group

consi sting of polysilicon and anorphous silicon. 10 3. The nethod of
claim1, wherein the substrate is conprised of silicon, the |ower
dielectric layer is conprised of silicon dioxide and the upper dielectric
| ayer is conprised of polysilicon. 4. The nethod of claim1l, wherein the
sidewal | spacers are conprised of a material selected fromthe_group

consi sting of sili&8nPaidrn speond dictechiny lagyiari Hoat dhy nithegephys limgh dasret hod

of claiml, wherein_the sid | Spacers are c ris of .silicon njtride.
o The mithish B Fig 2 SeTibis JER: BresusTaEn TR FET 3 1515R8 Rgerer 1
about 50 . anﬂ1 Chﬁiﬁﬁl Inath ] irst
opening.3§ﬂ%?on1a 8§Fﬂ%%ﬁu¥%ﬁ28%g%{ﬁ%' '%Oﬁgﬁﬁgéﬁ%?nc %ﬁ%%?@ﬁﬂﬁéggF% t he
lower wi dbdbnd ficlsiteVialdr $RAPSHSEE FhQNARIUT6 Ts LR c%mr#_ﬂi'&dngf hod of
claim1l1, wherein the lower width Y of sidewall spacers is” fromabout 5 to

| Onm  10.phbB&res®et hod of claim 1, wherein the width of the ultra-small

sem conduct or structure is fromabout 20 to 50nm 11 11. The net hod of
claim1, wherein the | ower and_upper dielectric layers are

Patterning of Second Dielectric Laver 14

As shown in Fig. 2, second dielectric layer 14 is patterned to form
opening 20 having width X substantially equal to the lithography limit used to
pattern second dielectric layer 14. Opening 20 has exposed side walls 21.

Currently, X is preferably from about 50 to 500nm and more

preferably from about 100 to 300nm.
Second dielectric layer 14 may be patterned using an overlying
patterned mask layer 16 (see Fig. 1), for example a patterned photoresist layer 16 as

shown in Fig. 1.

If used, patterned mask layer 16 is removed from patterned second

dielectric layer 14' and the structure may be cleaned as necessary.

Formation of Spacers 22

As shown in Fig. 3, spacer material is then deposited within opening

20 and etched to form sidewall spacérs 22 overlying side walls 21. Sidewall spacers



conprised of chem cal vapor deposition dielectric materials. 12. The net hod
of claim1, wherein an etch stop layer is interposed between the | ower and
upper dielectric layers. 13. The nethod of claim1l, wherein an etch stop

| ayer is interposed between the | ower and upper dielectric |ayers; the etch
stop layer being conprised of a material selected fromthe group consisting
of silicon nitride, silicon oxynitride and silicon germanium 14. The

met hod of claim 1, wherein an etch stop layer is interposed between the

| ower and upper dielectric layers; the etch stop | ayer being conprised of

| silicon ﬁernaniun1 15. The nethod of claim1, wherein the ultra-snal
-sem cond

2tegeh day g ¢ loper widgh gp thhatds paeferally fiam akope OHedRGm eagdrmets i ng an
ultra-small,. sem conduct or. structure, conprising the steps of: providing a
substraté”ﬂEVﬁﬁ%%Qn?%%ﬁﬁﬁﬁ%ﬂ%ﬂﬂTic | ayer formed thereover; fornming an etch
stop layer over the lower dielectric layer; 5 form ng an upper dielectric

| ayer over the etch stop layer; using a |lithography process to pattern the
upper dielectric | ! i i 11.Q8; \qfy t he
cheh stop Layer: Ra ey O e BRI RS e

l'i t hogr aptiyOpsosiissn bayhitgde (FiONIpan@pihy nhorel prefdrhllyf diticdn apeEHEENGNYVi Ng a
width equal to the lithography limt; 10 form ng sidewall spacers over the
exposed Sidiovalb$pasent2 maist be stmppised nfja diffierest thenvaidl thpadetsohgrisiy, a

| ower wi dth; patterning the exposed etch stop |ayer portion and the

under | yi S5 BoRfaygr 2 sath a gordytch sesitigith a | ower openi ng having a wi dth

| ess than the first opening width by using the sidewall spacers as masks;

A portion 25 of etch stop layer 12 within opening 20 and not covered

by sidewall spacers 22 is left exposed. The width of exposed portion 25 of etch stop
layer 12 is equal to X - 2Y.

Patterning of Exposed Portion 25 of Etch Stop Layer 12 and Underlying First

Dielectric Laver 10

As shown in Fig. 4, using, inter alia, sidewall spacers 22 as a hard
mask, the exposed portion 25 of etch stop layer 12 and the underlying first
dielectric layer 10 are etched to form gate opening 24 within patterned first
dielectric layer 10'. Since the first dielectric layer 10 is more preferably comprised of
510, and the second dielectric layer 14 is more preferably comprised of polysilicon,
the second dielectric layer 14 is not appreciably etched during this step due to the

difference in etch sensitivity.

Gate opening 24 within patterned first dielectric layer 10' has a width
equal to X - 2Y, that is, the lithography limit (X) less twice the lower width of one
sidewall spacer 22. |



15 renoving the sidewal | spacers, the upper dielectric |ayer and the etch
stop layer; and formng an ultra-small sem conductor structure wthin the

| ower opening; the ultra-small sem conductor structure having a w dth equal
to the lithography limt mnus twice the |ower width of the sidewall

spacer. 17. The nethod of claim 16, wherein the substrate is conprised of a
material selected fromthe group consisting of silicon and germani um 18.
The net hod of claim 16, wherein the substrate is conprised of silicon. 19.
The method of claim 16, wherein the |lower dielectric layer is conprised of
silicon dioxide; and the upper dielectric layer is conprised of a materi al
sel ected fromthe group conS|st|ng of polysilicon and anorphous silicon.

20. The q _ _
of silicoriéxi Y 3 S oF i 4
p0|y5'l'%ﬁﬁ%n&%]ﬂrﬁéh)TﬂgeﬂthOd of cIa|n116 mhereln the etch stop | ayer
is conpr ected fromthe group consisting of silicon
nitride, silicon oxyrutride and silicon germanium 22. The method. of claim
16, wherein the etch stop layer is conprised of silicon germanium 23. The
net hod of clai m 16Aswhenei th Fhe 55isilkwalll ssdreaers pHtRrs@RédopdddRfectic
material selected fromthe group consisting of silicon nitride, Al20s and
silicon doyemit4iatel pRdternkive ehabt kg ddyec| Bl nart 6Gremnesde ifront henteirdedvainst

spacers are conprised of silicon nitride.
dielectric layer 10" and the structure is cleaned as necessary. These structures 22, 14/,

10" may be removed in separate steps. For example, patterned second dielectric
layér 14' (polysilicon) may be removed using hot KOH, sidewall spacers 22 (Si;Ny)
may be removed using hot phosphoric acid and the patterned etch stop layer 12
(5iGe) may be removed using TMAH.(

Formation of Gate Structure 28

As shown in Fig. 6, a thin gate dielectric layer 26 is grown over
substrate 8 within gate opening 24 to a thickness of preferably from about 8 to 100A
and more preferably from about 8 to 20A.

Gate material is then formed over patterned first dielectric layer 10"
and over gate dielectric layer 26, filling gate opening 24. The gate material is then
planarized to remove the excess of the gate material from over patterned first
dielectric layer 10' and forming a planarized damascene ultra-small gate structure

28 within gate opening 24.

Gate structure 28 has a width of X - 2Y, that is less than the
lithography limit (X) by twice the lower width (Y) of the sidewall spacers 22 used as

hard masks to pattern gate opening 24. Currently, the width of gate structure 28



25. The nmethod of claim 16, wherein the wwdth of the first opening is from
about 50 to 500nm 26. The nethod of claim 16, wherein the wdth of the
first opening is fromabout 100 to 300nm. 27. The nethod of claim 16,
wherein the | ower width of the sidewall spacers is fromabout 5 to 20nxn.
28. The nethod of claim 16, wherein the |ower width of sidewall spacers is
fromabout 5 to | Onm 14 29. The nethod of claim 16, wherein the wi dth of
the ultra-small sem conductor structure is fromabout 20 to 50nmA. 30. The
met hod of claim 16, wherein the | ower and upper dielectric |ayers are
conpri sed of chem cal vapor deposition dielectric materials. 31. The nethod
of cl ai m¥ PHRSIBTIGH PRETUN@baUE ARt S9umy dsriaadinaits of lithogmrhy deceasst e
structur 32...A nethod of fapricating an ultra:smll sem.cangductor
St ruct ur dhe aAAPERH Shetuce B3ahF AlsB R iibat b it e cBR ROl P PEREY ng
|l over CVR diglectric layer forned thereover; 5 formng an etch stop |ayer
over the Tower CVD dielectric layer; form ng an upper CVD dielectric |ayer
over the etch stop layer; using a |ithography process to pattern the upper
CVD dielectric layer to forma first opening exposing a portion of the etch
stop layer; the fitht mgdolng thaviregrexposatbrs s Malkad by el dkilabiaphy
process having a lithography limt; the

the art to form other ultra-small semiconductor structures besides gate structures

28.
Advantages of the Invention

The advantages of one or more embodiments of the present invention
include:

1) forming ultra small gates beyond the photolithographic limit; and

2) forming planarized gates having reduced topography.

While particular embodiments of the present invention have been
illustrated and described, it is not intended to limit the invention, except as defined

by the following claims.




10 first opening having a width equal to the lithography limt; formng
sidewal | spacers over the exposed side walls of the first opening; the
sidewal | spacers having a |lower wi dth; patterning the exposed etch stop

| ayer portion and the underlying |ower CVD dielectric |layer to forma | ower
opening having a width Iess than the first 15 opening w dth by using the
sidewal | spacers as nasks; renoving the sidewall spacers, the upper CVD
dielectric layer and the etch stop layer; and 15 formng an ultra-small
sem conductor structure within the | ower opening; the ultra-snal

sem conductor structure having a wdth equal to the |ithography 20 |imt
mnus twice the lower wdth of the sidewall spacer. 33. The nethod of claim
32, wherein the Iower CVD dielectrig.,l is conprised of silicon dioxide;
and the upper CVD dielectric |ayer i@ﬁgﬁﬁ%rised of a material selected from
the grou ggﬂaﬁsting of polysilicon and anorphous silicon. 34. The nethod
of claim 32, erein the lower CVD dielectric layer is conprised of silicon
di oxi de and the upper CVD dielectric layer is conprised of polysilicon. 35.
The net hod of claim 32, wherein the etch stop layer is conprised of a

mat eri al Isel eetted] 6f Gibrichingrauptasnsdlbidniigondudbt beattuné, tdongfrisisg ke on
oxynitride and silicon germanium 36. The nmethod of claim 32, wherein the
et ch stoptdpayér is conprised of silicon germanium 37. The nethod of claim
32, wherein the sidewall spacers are conprised of a material selected from
the group con®revifiyg drulstrate bavingta loser diglogoic daper gndj agpyverlying upper

dielectric layer formed thereover;

5 using a lithography process to pattern the upper dielectric layer to form a
first opening exposing a portion of the lower dielectric layer; the first opening
having exposed side walls; the lithography process having a lithography limit; the
first opening having a width X equal to the lithography limit;

forming sidewall spacers over the exposed side walls of the first opening; the
10 sidewall spacers having a lower width Y;
patterning the lower dielectric layer to form a lower opening having a width
less than the first opening width X by using the sidewall spacers as masks;
removing the patterned upper dielectric layer; and
forming an ultra-small semiconductor structure within the lower opening;
15  the ultra-small semiconductor structure having a width equal to the lithography

limit minus twice the lower width of the sidewall spacer.

2. The method of claim 1, wherein the substrate is comprised of silicon or
germanium, the lower dielectric layer is comprised of silicon dioxide; and the upper
dielectric layer is comprised of a material selected from the group consisting of

polysilicon and amorphous silicon.

10



oxynitride. 38. The nethod of claim 32, wherein the sidewall spacers are
conprised of silicon nitride. 16 39. The nethod of claim 32, wherein the
width of first opening is fromabout 50 to 500nm 40. The nmethod of claim
32, wherein the width of first opening is fromabout100 to 300nm 41. The
met hod of claim 32, wherein the lower width of sidewall spacers is from
about 5 to 20nm 42. The nethod of claim 32, wherein the | ower w dth of
sidewal | spacers is fromabout 5 to | Onxn. 43. The nethod of claim 32,
wherein the width of the ultra-small sem conductor structure 28 is from
about 20 to 50nm 44. The nmethod of claim 32, wherein the ultra-small
sem conddecTbe methad tofchaiinsl,awhetein the sihstae 1s1gomprised of silicon, the lower
. AL. AB. A% A% AB. AB. A_. AiB.A . Ac_. AB. AB. AFB, A . Ac. . AF . A 4KFEi KIj Ry}16 6 ;
Fxsni o ZKEeleqts daySalSeqrRBYiEy OF siliconcdipKiie L thp cihes] 4}3’%&5}%@%&}% ajcalc
a] ca] ca] ca cai c(’ia caic ica] chfaljcta ; m 9X

prisé polysilicon:

4. The method of claim 1, wherein the sidewall spacers are comprised of a material

selected from the group consisting of silicon nitride, Al,O; and silicon oxynitride.

5. The method of claim 1, wherein the sidewall spacers are comprised of silicon

nitride.

6. The method of claim 1, wherein the width X of first opening is from about 50 to
500nm.

7. The method of claim 1, wherein the width X of first opening is from about 100 to
300nm.

8. The method of claim 1, wherein the lower width Y of sidewall spacers is from

about 5 to 20nm.

9. The method of claim 1, wherein the lower width Y of sidewall spacers is from

about b to 10nm.

10. The method of claim 1, wherein the width of the ultra-small semiconductor

structure is from about 20 to 50nm.

11



PKqNBR5Fc~yt oj e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cMa] ca]ca] cal]ca]ca]c
a]J ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca]c*a] cMa!l 1v4| QOn.

ntshi™ite" """ #" #g###6SOPTSH[ $e$} xsni d*Yj e [ V] c]ca] c™a] ca] ca] ca] ca] ca]calcalc
aJ cMa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] cMa] ca] ca] ca] ca] ca] ca] cMa] cha
e$S$% BRGED&&&* ' V' ' ' E(())) @ Z**+R+[ +++,, ,q,,, }xsnid_Z] c]]ca] ca] ca] ca] ca]c
aJ cal calca]ca]ca]ca]ca]ca]ca]ca]ca]calcalcalcalcalcalcalcalcalcalcalcalcalc
aJca]ca!, -D-J---$.G M///J30Z0000;

1y112202223933384C4445} xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal! 5¢555: 6667i 70778#
858~889( gig gﬁr_n@h_o_d; of claim 1, wherein the lower and upper dielectric layers are

Vs <] <}xsnid 7] ca] cal ca] ca] ca)] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]calc
L] o oo kel PRl s PO AT Al AP ek rakeate) oL

>>>?D??7?7@ @ @ @AALAAATBBB- CCCCC5D} xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal 5DDDDD

DGENEEEE E 7 = nj : ]ca] ca
] ca] ca] caEFEg’Fgai ca%g? c%églai 'cai ca%?c%‘?%ﬁ%}%%} gg%@%}ega eg‘g?}n‘%g ceg4Kf\ RH
102102 1026#4r Q0@ Bbér) dielebtQUEderdk) - WL0% & () - Xwl0%&' () - pL10% & () - Ei Ki K- H
10% & ()-LZ10% & %’- 10% & ()-210%& ()- 010%& ()-c
wi0%z & ()-10%& ()-K!'jiK-H s10%& ()-*10%& ()-(wi0%& ()-%0%& ()-6#wl0%
& ()-= 10%& ()-wl0%& ()-Ry} A6 10z: 10%& ()-!i!10%z& ()-10%& ()-!
1 10%z& (1P- ﬁ@m@hpgl-ofaiq_igz 1owéerein an etch stop layer is interposed between the

W& ()-010%4 & ()-6!10%4& ()-L!'10%4 & ()- wI0% & ()-10% & () -
WMO@?O‘%%r 01 Ajgé% gm%?rgfﬁ& ()-L!'1094 & (%I wil0% & ()-10% & ()- 10z 10z

6 89 : £ i aypLs tipoERstop Byevkang rompyjsed gf a material
. 1 - H— 1 - . 0 1 _
10] - 10% %el(e):teh?%gm% tﬁe (gro%)a( corﬁ%iggr\l(g \g}l'osiﬁicgnQitricile?zsﬂicon oxynitride and silicon

. germanium.

14. The method of claim 1, wherein an etch stop layer is interposed between the

lower and upper dielectric layers; the etch stop layer being comprised of silicon

germanium.

15. The method of claim 1, wherein the ultra-small semiconductor structure is a

gate structure.

16. A method of fabricating an ultra-small semiconductor structure, comprising the
steps of: |
providing a substrate having a lower dielectric layer formed thereover;
forming an etch stop layer over the lower dielectric layer;
5 forming an upper dielectric layer over the etch stop layer;
using a lithography process to pattern the upper dielectric layer to form a

first opening exposing a portion of the etch stop layer; the first opening having
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patterning the exposed etch stop layer portion and the underlying lower
dielectric layer to form a lower opening having a width less than the first opening
width by using the sidewall spacers as masks;
15 removing the sidewall spacers, the upper dielectric layer and the etch stop
layer; and
forming an ultra-small semiconductor structure within the lower opening;
the ultra-small semiconductor structure having a width equal to the lithography

limit minus twice the lower width of the sidewall spacer.

17. The method of claim 16, wherein the substrate is comprised of a material

selected from the group consisting of silicon and germanium.

- 18. The method of claim 16, wherein the substrate is comprised of silicon.
19. The method of claim 16, wherein the lower dielectric layer is comprised of
silicon dioxide; and the upper dielectric layer is comprised of a material selected

from the group consisting of polysilicon and amorphous silicon.

20. The method of claim 16, wherein the lower dielectric layer is comprised of

silicon dioxide and the upper dielectric layer is comprised of polysilicon.
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22. The method of claim 16, wherein the eich stop layer is comprised of silicon

germanium.
23. The method of claim 16, wherein the sidewall spacers are comprised of a
material selected from the group consisting of silicon nitride, Al;Os; and silicon

oxynitride.

24. The method of claim 16, wherein the sidewall spacers are comprised of silicon

nitride.

25. The method of claim 16, wherein the width of the first opening is from about 50
to 500nm.

26. The method of claim 16, wherein the width of the first opening is from about 100

to 300nm.

27. The method of claim 16, wherein the lower width of the sidewall spacers is from

about 5 to 20nm.

28. The method of claim 16, wherein the lower width of sidewall spacers is from

about 5 to 10nm.
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. The method of claim 16, wherein the width of the ultra-small semiconductor

structure is from about 20 to 50nmA.

30. The method of claim 16, wherein the lower and upper dielectric layers are

comprised of chemical vapor deposition dielectric materials.

31. The method of claim 16, wherein the ultra-small semiconductor structure is a

gate structure.

32. A method of fabricating an ultra-small semiconductor structure, comprising the
steps of:
providing a silicon substrate having a lower CVD dielectric layer formed
thereover;
5 forming an etch stop layer over the lower CVD dielectric layer;
forming an upper CVD dielectric layer over the etch stop layer;
using a lithography process to pattern the upper CVD dielectric layer to
form a first opening exposing a portion of the etch stop layer; the first opening
having exposed side walls; the lithography process having a lithography limit; the
10  first opening having a width equal to the lithography limit;
forming sidewall spacers over the exposed side walls of the first opening; the
sidewall spacers having a lower width;
patterning the exposed etch stop layer portion and the underlying lower
CVD dielectric layer to form a lower opening having a width less than the first
15  opening width by using the sidewall spacers as masks; |
removing the sidewall spacers, the upper CVD dielectric layer and ’rh.e etch

stop layer; and

15



10z 10z1 : 10% & () - p510% & ()-3!10%& ()-/10%& ()- .!10%& ()-
:\; ;<] <nkdEYNC 10G
109 ()-! 10%& () - MLO%& () - 0! 10%& () - @O%& ()-! 10%& () - me<<=="==dEYNC 10G
V6#109%& ()-L! 10%&' ()- )109%&' ()-V*109%& ()-"10%&' ()-!109%& ()-==; >>>?D?dEYNC
10G . 10%& ()-sS, 10%&' ()-ci*610%&' ()- (!109%& ()-
1 109& () - V% 109 ()-D???@ @@@ @Q@E:/ 10
10, : 109%&’ () - <710%&' ()-sp5) 109%&' () - c3MLOY&' ()- 1! 10%& () - ws/
109&' () - <u@/@@\LAAA7BxY / 10@0%&' ()- 1109 ()-!10%& ()-Fc
310%& () -y! 10%&' ()- V 10%& ( BB
1098 10%& () - i qug(fan n SGHWJ@E{C}QWW%Q widanghe Jowes pPEIBNGE: /

10310% (tl)l %&t%‘e(l)-(g%aﬁ) semlgg'r(l) &It(gx) strﬁct:lli(tgg/%a\(lzng*fli ]i\(r)l%ﬁi %hué?il%’/ﬁle( ilﬂl%%%%‘?ngNEEEbc

20  limit minus twice the lower width of the sidewall spacer.

33. The method of claim 32, wherein the lower CVD dielectric layer is comprised of
silicon dioxide; and the upper CVD dielectric layer is comprised of a material

selected from the group consisting of polysilicon and amorphous silicon.

34. The method of claim 32, wherein the lower CVD dielectric layer is comprised of

silicon dioxide and the upper CVD dielectric layer is comprised of polysilicon.

35. The method of claim 32, wherein the etch stop layer is comprised of a material
selected from the group consisting of silicon nitride, silicon oxynitride and silicon

germanium.

36. The method of claim 32, wherein the etch stop layer is comprised of silicon

germanium.
37. The method of claim 32, wherein the sidewall spacers are comprised of a
material selected from the group consisting of silicon nitride, Al:O; and silicon

oxynitride.

38. The method of claim 32, wherein the sidewall spacers are comprised of silicon

nitride.

16



1010% & ()-0!10%& ()- 10%& ()-!10%& ()- 10 10 10, :10%& () - EEFYFKFFFdEbC
10i ' MLO%2 &' ()-!10%& ()-10%& ()-!10%& ()- 10%& ()-!10%& ()- F2GBCGEGIELC
10i ' MLO%Z &' ()-!10%& ()-10%& ()-:10%& ()-&10%& ()-% 10%& ()- Nornal "
"Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Headi ng 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default

Par agraph Font: rS! & */ n48u=AEDHILNPRTVXZ\ N" bdf h; e$, 5] <6DEG56789: ; <K
OPc4Qq! "#e$W' )R+, 1-/023568(9@

; mx=D?u @ BCDEFEG=>? @GABCDEFGHI JKLIMNOPQRSTUVWKYZ[\]"_"abcdef g6Ti nes New
RomanAri al Couri er. New'h Root EntryWr dDocunent p

| #$g (PP+The meihah 8§ gigon Se-whegirthrnid ke MiIcPoRSTTOGWK M photiabt Hef ghi j
500nm.

40. The method of claim 32, wherein the width of first opening is from about100 to
300nm.

41. The method of claim 32, wherein the lower width of sidewall spacers is from

about 5 to 20nm.

42. The method of claim 32, wherein the lower width of sidewall spacers is from

about 5 to 10nm.

43. The method of claim 32, wherein the width of the ultra-small semiconductor

structure 28 is from about 20 to 50nm.

44, The method of claim 32, wherein the ultra-small semiconductor structure is a

gate structure.
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